The aim of this study was to verify the role of antegrade scrotal sclerotherapy for the treatment of varicoceles in infertile men with severe oligo-astheno-teratozoospermia (OAT). The 59 patients with severe OAT in this study underwent antegrade scrotal sclerotherapy for the treatment of varicoceles. The outcome was assessed in terms of improvement in semen parameters and spontaneous conception rate. Semen parameters and reproductive hormones were evaluated before antegrade sclerotherapy (AS) and 6 months after AS. After an average follow-up time of 34.863.2 months, significant improvement was noted in the mean sperm concentration, motility and morphology in 36 patients (61%). Spontaneous pregnancy occurred in nine couples (15%). Six months after treatment, inhibin B levels were significantly higher (P,0.04), whereas follicle-stimulating hormone (FSH) levels were significantly lower (P,0.001) than before treatment. Antegrade internal spermatic vein sclerotherapy can significantly improve seminal parameters and hormonal parameters in men with severe OAT and may even result in spontaneous pregnancy in couples who would otherwise be candidates for intracytoplasmic sperm injection (ICSI). 1 Several studies have confirmed an association between varicocele and testicular dysfunction, reflected by abnormal semen and the loss of testicular volume.
INTRODUCTION
Varicoceles are present in 25% of males with fertility problems and can be associated with abnormal semen analysis results. 1 Several studies have confirmed an association between varicocele and testicular dysfunction, reflected by abnormal semen and the loss of testicular volume.
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Many procedures have been used for primary varicocele treatment, such as open spermatic vein ligation, laparoscopy, microsurgery and antegrade sclerotherapy (AS). The clinical benefit of varicocele repair has been shown to be the improvement in seminal parameters, although there is controversy about whether this improvement leads to an increased chance of natural conception. A Cochrane database showed no treatment benefit of varicocele repair on a couple's chances of conception over couple's controls. [7] [8] [9] [10] This absence of a benefit of the treatment may be the result of a failure to select patients who are likely to benefit from treatment, such as men with a clinical varicocele, abnormal semen and otherwise unexplained infertility. [11] [12] [13] [14] [15] Only a few reports on the role of AS in patients with severe oligoastheno-teratozoospermia (OAT) have been published. 16, 17 In this study, we evaluated the treatment outcome of AS in these patients.
MATERIALS AND METHODS

Patients
The 256 patients referred to our division of andrology for infertility were diagnosed with varicocele between August 2002 and November 2009. From this group, 107 patients were diagnosed with OAT syndrome and manifested all of the following cutoff abnormalities: decreased number of spermatozoa (f3 million spermatozoa ml 21 ), decreased motility of spermatozoa (f15% motile spermatozoa) and many abnormal forms of spermatozoa on morphological examination (f14% normal forms). The 27 varicocele patients with OAT who did not undergo any surgical intervention or medical treatment were included as a control group. The mean age of the patients in the control group was 33.661.7 years (range: 22-42 years).
Clinical examination
Varicocele was diagnosed in men with fertility problems. All patients underwent physical examination in an upright position with the aid of the Valsalva manoeuvre. Clinical varicocele was graded according to the recommendations of the World Health Organization (1993). 18 Subsequently, these patients underwent Doppler ultrasonography of the scrotum (Nemio 20 with a 12-Hz transducer) with the Valsalva manoeuvre performed by the same operator before the procedure and 6 months after the sclerotherapy. The testicular volume was calculated using the following formula: volume (V)51/6 length width 2 . 19 The following criteria had to be included in addition to a Valsalva-positive varicocele: infertility persisting longer than 1 year despite regular, unprotected intercourse; and OTA assessed according to World Health Organization guidelines (1992) . 1 In addition, the partners of these patients were evaluated for exclusion of the definite causes of infertility, such as anovulation, endometriosis or tubal blockage. Patients who were negative for the presence of other urogenital diseases (e.g., a history of cryptorchidism or severe STDs), recurrent varicocele, sperm antibodies, and endocrinological and internal diseases (e.g., chronic liver, renal, etc.) were enrolled.
Laboratory analysis
Serum inhibin B, follicle-stimulating hormone (FSH) and testosterone levels were evaluated at baseline and 6 months after the sclerotherapy and 6 months after the basal examination in the control group. Serum inhibin B was measured with an enzyme immunoassay according to the method previously described by Lambert-Msserlian et al. 20 and Groome et al. 21 Serum FSH was determined with the Immulite automated analyser (Immulite; Diagnostic products Corporation, Los Angeles, CA, USA). Serum total testosterone was measured using the electrochemiluminescence immunoassay method (Elecys 1010; Boehringer Mannheim, Mannheimm, Germany). 22, 23 Semen analysis was performed according to World Health Organization guidelines (1999) . 24 The sperm concentration (million ml
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), the percentage of motile sperm cells and the percentage of morphologically normal forms were assessed. The semen analysis data from each patient are represented as the mean of three evaluations performed within 6 months before and after treatment. 25 
AS
The AS procedure was performed with the patient under local anaesthesia and antibiotic prophylaxis (250 mg ciprofloxacine) according to the technique described by Tauber and Johnsen. 26 Three to four millilitres of sclerosant hydroxy-polyaethoxy-dodecanol (ethoxysclerol, 3%) was injected into the internal spermatic vein using the air block technique. Further details of the percutaneous sclerotherapy technique have been described by Di Bisceglie et al.
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Evaluation methods
The mean postoperative follow-up period was 34.863.2 months (range: 6-76 months) and included clinical and Doppler ultrasound assessment of all patients. A clinical examination and duplex ultrasonography of the testicles was performed o3 months after AS (3-6 months). Treatment success was defined as the disappearance of the varicocele both clinically and based on Doppler ultrasonography and in some cases, improvements in seminal parameters and conception. The improvement in semen parameters was defined as an increase in sperm concentration (o3 million spermatozoa ml 21 ), the percentage of progressive motile sperm cells (o15% motile spermatozoa) and normal sperm morphological forms (o14% normal forms). Followup of the couples consisted of 3-month interval visits for a period of 12 months. Spontaneous pregnancy data were collected. An artificial reproductive technique (ART) pregnancy was determined by the presence of serum Human Chorionic Gonadotrophine of .20 IU on day 14 following embryo transfer, followed by a 2-month scan for the presence of a foetal heartbeat.
Statistical analysis
Statistical analysis was performed using the SPSS 14.0 software package (SPSS Inc., Chicago, IL, USA). Results are expressed as mean6 s.e.m. Comparison between the two groups was accomplished using Chi-square tests. The statistical significance of any change in the hormonal values was tested using the spearman rank correlation, and P,0.05 was considered significant.
RESULTS
The 64 patients with OAT underwent radiological sclerotherapy of the internal spermatic vein; 59/64 patients had successful AS, resulting in a failure rate of 5/64 (8%) that was mainly due to technical problems, such as difficult access to the internal spermatic vein. In these 59 patients, a left-sided varicocele was present in 52 (88%) and bilateral varicocele in 7 (12%) patients. In addition, 52 (88%) of these patients were diagnosed with grade I varicocele, whereas 7 (12%) had grade II varicocele ( Table 1 , P.0.05) ( Table 3) . A significant negative correlation between FSH and inhibin B levels was found between pre-and post-treatment values (r520.617, P,0.001; r520.382, P,0.003; respectively).
In the five patients with unsuccessful procedures, no significant variations in seminal parameters were observed 6 months after the basal examination (sperm concentration, 3 ; progressive motility, 13.9%61.1% vs. 14.9%61.1%; normal sperm morphology, 13.1%60.4% vs. 12.6%60.3%) ( Table 2) . A significant difference was found between the seminal parameters (sperm concentration, progressive motility and normal sperm morphology) in the treated and control subjects (P,0.05) ( Table 2) . No significant changes in testicular volume were observed during the 6-month follow-up period (right: 20.861.9 ml vs. 19.861.8 ml; left: 19.961.5 ml vs. 18.961.8 ml; P.0.05). 21 ). Compared to the control subjects, inhibin B levels were significantly higher (P,0.05), whereas FSH levels were significantly lower (P,0.05) in treated subjects.
Of the 59 patients, nine (15%) had a successful spontaneous pregnancy within 6.465.4 months after AS. The semen parameters were significantly higher in post-treatment subjects who initiated a spontaneous pregnancy than those that did not (sperm concentration, 13 The 47 couples were treated by ART to aid conception, including intracytoplasmic sperm injection (ICSI) (31/47), in vitro fertilisation (IVF) (9/47) and intrauterine insemination (IUI) (7/47). ART resulted in pregnancy rates of 32.3% (10/31), 22.2% (2/9) and 14.3% (1/7) by ICSI, IVF and IUI, respectively, within 16.264.6 months of AS. The live birth rates were 29%, 22% and 14% for ICSI, IVF and IUI, respectively. The mean partner age of the pregnant group at varicocele repair (either spontaneous or ART) was 31.663.2 years, whereas the average age was 33.864.3 years in the non-pregnant group. Three female partners were diagnosed with irregular menstrual cycles that were successfully treated with clomiphene citrate. Six females in the partner group also underwent unsuccessful IUI prior to AS.
Four patients suffered minor complications as a result of AS: two cases experienced spermatic cord inflammation that was resolved with antibiotics, and two men had superficial wound infections. No patients developed a hydrocele after surgery.
DISCUSSION
Varicocele is a pathological condition present in 11% of the male population and in 25% of infertile men.
1 A recent meta-analysis of the literature showed that varicocele repair significantly improves sperm parameters (both sperm concentration and motility). 28 Improvements in semen parameters have been observed in 60%-80% of men after varicocele correction. 26 However, data on the effect of AS treatment on semen parameters and pregnancy rates, especially in patients with severe oligospermia, are limited. In the present study, this technique was demonstrated to be effective at improving semen parameters in patients with this condition. In addition, spontaneous pregnancies were discovered during follow-up in 15% of couples that otherwise had a very low chance of natural conception based on their sperm parameters. Usually, these couples are referred for ICSI. In cases in which there was no spontaneous pregnancy, the sperm improvement allowed an upgrade of ART, from ICSI to IVF and IUI. 17, 29 Our results are consistent with the report by Osmonov et al., 17 who found that 53% of patients with initial non-obstructive azoospermia developed cryptozoospermia (OAT/OT syndrome) after AS, allowing ICSI as treatment. Another 60% of men with initial cryptozoospermia showed an improvement in the sperm count and motility. Poulakis et al. 16 observed significantly higher sperm concentration, motility and normal morphology in a group of men with severe OAT, and pregnancy occurred in 15% of these couples. Testicular histopathology of azoospermic patients with postoperative induction of spermatogenesis revealed maturation arrest at the spermatid stage, Sertoli cell-only with focal spermatogenesis or hypospermatogenesis. None of the patients with a pure Sertoli cell-only pattern or maturation arrest at the spermatocyte stage achieved spermatogenesis after the treatment.
Testicular insufficiency can occur in men with varicoceles and is characterized by pathological changes in the seminiferous tubule structure, impaired spermatogenesis, abnormal sperm motility, quality and the number of spermatogonia and the loss of testicular volume and consistency. These symptoms may improve after varicocele repair. 6 AS can be performed under local anaesthesia and is a reliable, effective and minimally invasive procedure with a short operation time. Patients can usually return to normal activities within a few days. This technique is a cost-saving technique compared to other surgical techniques such as laparoscopy, microsurgery and microsurgical sperm retrieval. [30] [31] [32] In addition, the specific treatment of varicocele-associated male factor infertility with surgical varicocelectomy is more cost-effective than primary treatment with assisted reproduction. 33 However, AS requires a physician with experience in interventional radiology and has a failure rate of 4%-27%. 34 We also observed an increase in serum inhibin B after treatment, suggesting an improvement in Sertoli cell function and spermatogenesis as a result of AS treatment. 35 Moreover, the concomitant decrease in FSH further supports this observation and indicates restoration of the negative feedback mechanism. We also found an inverse correlation between inhibin B and FSH in men with OAT. The changes in inhibin B and FSH in the follow-up period indicate rapid and reversible recovery of spermatogenesis in varicocele patients. 23, 36 These rapid changes may be attributed to the younger age of patient studied compared to the study by Byrd et al. 37 In addition, the shorter Table 2 Semen parameters before and after 6-month follow-up examinations in both the patient and control groups Antegrade sclerotherapy and varicoceles MA Ghanem et al 869 duration of varicocele intervention and the grade I varicoceles of the majority of the patients, which do not lead to permanent spermatogenesis damage, may be related to this rapid changes. Despite the encouraging sperm improvement after AS, the rate of natural conception is still lower than that reported after surgical repair. 15, 25 Spontaneous pregnancy rates were 41.9 % after the microsurgical varicocelectomy techniques, 37.7 % after the Palomo technique, 36% after the macroscopic inguinal (Ivanissevich) techniques and 30.1% after the laparoscopic varicocelectomy techniques, compared to 33.2% after radiological embolisation. 34 These differences, however, may be explained by several factors, including semen quality before the operation and female fertility. 38, 39 In addition, regular medical counselling for the infertile couples is as effective as the surgical or angiographic treatment of varicoceles at achieving pregnancy. 12 Although spontaneous pregnancies occurred in 15% of the couples, many couples still required ART for conception. In our study, most patients had severe OAT. In these patients, ICSI showed a significantly better pregnancy rate than IUI and IVF. 40, 41 Mangoli et al. 41 found that ICSI showed a significantly higher pregnancy rate (29%) over IVF (13.2%) for men with OAT, whereas IVF showed a significant advantage over IUI (pregnancy rate of 8%).
Despite the relatively low number of pregnancies after AS and severe OAT in our study, ICSI was the only option for these couples. Therefore, the 15% spontaneous pregnancy rate in this group should be considered an acceptable result.
It should be emphasized that most men in our population had severe OAT, although the majority were grade I varicoceles. This raises the hypothesis that varicoceles in this group of patients are associated with underlying genetic or epigenetic factors that contribute to infertility, 42 which may explain the heterogeneous clinical presentation in men with a varicocele and the variable response to varicocelectomy. 43 Therefore, future prospective studies should include genetic investigations (e.g., karyotyping and searching for Y-chromosome deletions) to characterize these patients. This is of particular interest because it is not known whether or not the treatment of varicoceles in patients with genetic aberrations is useful.
In conclusion, this study shows that AS is an effective procedure that is associated with an improvement in sperm parameters, an increase of inhibin B and a reduction of FSH in men with severe OAT. This treatment also resulted in a 15% spontaneous pregnancy rate. However, complete normalisation of the spermiogram parameters cannot be expected with this method. Despite this, improvements in semen parameters resulted in an upgrade in the type of ART that could be used to aid conception.
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